Abstract: The There are many factors influencing the performance of photovoltaic (PV) systems. Among these factors, temperature and solar radiation are two major parameters that have a large effect on the efficiency of PV systems. The cell temperature of PV panels is related to the ambient temperature while the solar radiation incident on the surface of the PV modules depends on the slope and azimuth of these modules. Furthermore, ground reflectance (albedo) affects the irradiance incident on the PV panel surface, which in turn affects the output of a PV system. Nevertheless, the effects of these factors on the economic performance of the solar PV systems are scarcely reported. This paper presents a complete design of a stand-alone PV/battery system to supply electric power for a mobile base station in Choman, Erbil, Iraq. The effects of different factors on the total electricity produced by PV arrays and its economic performance are simultaneously investigated. HOMER software has been used as a tool for the techno-economic and environmental analysis. As indicated from the simulation results, the PV array capacity and its economic performance are highly affected by the variation of the slope and azimuth. With a base case (albedo of 20% and average annual ambient temperature of 11°C), the best feasible system which is achieved by facing PV due to south with a tilt angle of 40° or 45°, is found to have net present cost (NPC) of 70595 $ and cost of energy (COE) of 0.54 $/kWh. Moreover, the results indicate that increasing the ground reflectance from 10% to 90% results in a 7.2% decrease in the PV array capacity and about 3% decrease in the NPC and COE. On the other hand, increasing the ambient temperature from 0°C to 40°C results in a 19.7% increase in the PV array capacity and an 8.2% increase in the NPC and COE. Furthermore, according to the ambient temperature of Choman, using PV modules with high sensitivity to temperature is found to be an attractive option. Provided simulation performance analysis proves that the studied parameters must be treated well to establish an enabling environment for solar energy development in Iraq.
Introduction
The rapid growth of the global population and industrial sector has resulted in a significant increase in electricity demand. Non-renewable energy resources such as oil, coal, and gas are usually used in the conventional electricity generation systems. However, utilization of these resources causes carbon dioxide (CO2) and other harmful pollutants to be emitted into the atmosphere which are hazardous to our environment [1] [2] . Meanwhile, the ever increasing and continuously unpredictable fluctuating fossil fuels encourages nations to search for new energy sources [3] [4] . Solar energy is the most plentiful source of energy on the earth. Therefore, solar photovoltaic (PV) energy conversion is potentially the largest and most widely used system as compared to other renewable energy technologies. It significantly reduces the negative environmental, economic, and health aspects of anthropogenic climate change through reductions of greenhouse gas emissions. Although PV energy technology is becoming much more economically competitive with electricity from conventional sources in many countries, economic aspect is still the main barrier to exploitation of this source of energy while remaining within the necessary physical limits of life cycle carbon emissions. In order to minimize the atmosphere's CO2 level, this would require a significant increase in the PV capacity from gigawatt to tera-watt level. In this context, optimization of the electrical output on a per cost basis is important to speed up the diffusion of solar PV technologies [8] .
The performance of PV module in outdoor conditions depends on many factors such as types of PV technologies and the environmental conditions of the place where the modules are installed. To design a solar system for a selected region, these factors must be taken into consideration [9] [10] . The temperature is one of the most remarkable environmental factors affecting the efficiency of PV. The ambient air temperature and the cell temperature of a PV are not equal since PV arrays are dark in color and therefore tend to absorb a larger amount of the sun's energy. During the sunlight hours, a solar cell temperature becomes higher than the ambient temperature by a factor that depends on insulation. The short circuit current increases while the maximum power, efficiency, fill factor, and open circuit voltage decrease when the cell temperature increases [11] . Ike [12] tested the impacts of temperature on the output of a PV system in eastern Nigeria. He concluded that the utilization of PV system for electricity generation is not preferable in places with very high ambient temperature. Therefore, installing PV panels in areas that enjoy higher air current is favorable since the temperature tends to be low which leads to increase the efficiency of the panels. In [13] , the authors discussed the impact of the temperature and light intensity on the output performance of the crystalline solar panels. They found that PV cell temperature has a large influence on the performance of the solar system. They concluded that the maximum power and efficiency decreases significantly with increasing the cell temperature. The feasibility study of grid connected PV system to provide electricity for Algerian rural areas by considering the effect of the ambient temperature on the performance of the system was investigated in [14] . Their results indicated that the optimal system increases by 480 Wp when the average annual ambient temperature increases from 18 to 40 °C.
The total solar radiation consists of a direct/beam, diffuse, and reflected radiation. Direct radiation is coming directly from the sun down to the surface of the Earth in which no clouds blocked the sun. Diffuse radiation is the radiation found in cloudy day that reaching the Earth's surface after having been scattered by molecules and particles in the atmosphere. There is also a small amount of radiation reflected from the clouds and Earth's surface, which is usually called reflected radiation. The components of global solar radiation are shown in figure 2 [15] . Ground reflectance (also called albedo) can be defined as the ratio of the amount of reflected radiation to the total amount incident on the ground. Among various surface types on the earth, ice and snow have the high ground reflectance. In the Arctic region, the surface albedo variations have large effects on the irradiative budget of the earth atmosphere system and hence on the global climate [16] [17] [18] . The ground albedo varies from place to place as well as from time to time in the same location as a result of the variations in the properties of ground surface material, solar position, cloud cover, snow cover and ground vegetation. In the case of the ideal black bodies, the albedo is 0%, while it is 100% for the ideal white bodies. Generally, it is possible to estimate the ground albedo of any surface from its color. Albedo radiation affects the spectral distribution of the incident radiation on the PV arrays, and hence affects the performance of the PV system [6] . Guechi and Chegaar [19] evaluated the impact of varying the ground reflectance on the conversion efficiency of amorphous (a-Si: H) and indium gallium phosphide (InGaP) solar cells for two different sites in Algeria. They found that the output of PV increases with increasing the ground reflectivity. Moreover, the effect of albedo is greater for InGaP than a-Si: H. In [20] , the authors presented a numerical approach to estimate the ground-reflected radiation for any viewing surface and the effect of this reflectivity on the Performance of PV Systems. They reported that utilization of a high-reflectance material for foreground leads to increase the output of PV by a third.
PV must be designed and installed in such a way to produce the maximum amount of energy, this helps to reduce the required capacity of PV and the cost of equipment. This can be achieved by mounting the generic solar collectors at right angles to the sun's rays [21] . PV tilt and azimuth angles have a large effect on the performance of a solar collector. This is according to the fact, optimum PV orientation and inclination depends on the latitude, temporal profile, local climate and load consumption [22] . It is generally known that the default value of tilt angle that is equal to the area's latitude minus 15 degrees in summer and plus 15 degrees in winter to an azimuth angle that is parallel to the equator should maximize the output of the solar panels [23] . There are many research papers regarding the optimum tilt angle which presents different recommendations. Benghanem [24] carried out an analysis of different tilt angles of the solar panel in order to maximize the solar irradiation for Madinah, Saudi Arabia. He suggested that the tilt angle for should be 12° more than the latitude during winter and 13° less than the latitude during summer. The optimum annual tilt angle for the location was found to be close to the latitude angle. The optimum tilt angle for fixed-array solar panels at constant latitude of 29° was discussed in [25] . The authors concluded that the tilt angle for Shiraz, Iran is equal to the latitude minus 24 in summer and plus 14 in winter. In [26] , the effects of array inclination and orientation on solar panel output in Northern Ireland (latitude: 15°) was analyzed. The optimum PV output was found to be for a south facing surface with a tilt angle varies from 20° in summer to 60° in winter.
However, although the influence of ambient temperature on the efficiency of the solar panels is well known, selecting of suitable PV modules based on its sensitivity to temperature is rarely discussed. Moreover, the effect of ground reflectance (albedo) on PV performance is scarcely reported. Furthermore, the output of PV arrays under various ambient temperatures, tilt angles, orientations and albedo is seldom correlated with the economic analysis of the PV systems. In this research, a techno-economic feasibility study has been performed to investigate the optimum configuration of a standalone PV/battery power system for a mobile tower site in a remote village in Erbil, Iraq, using HOMER simulation software. In order to accurately investigate the effect of slope angle, azimuth angle, temperature, and ground reflectance variations on the performance of photovoltaic cells and the total cost of the system, a sensitivity analysis has been done. The rest of this paper is structured as follows: Section 2 presents the methodology of the research which includes a description of the used software, selected sites, data for load and resource assessment, mathematical representations, configuration of the system, and economic parameter. The results and discussions about each parameter are presented in section 3. Finally, the conclusion of this work is illustrated in section 3.
Methodology

HOMER Software
HOMER, which is developed by the National Renewable Energy Laboratory (NREL), is computer software that significantly simplifies the design process for identifying least-cost feasible system of varied off/on grid systems. Simulation, optimization, and sensitivity analysis are the main three tasks performed in HOMER. It helps the modeler to compare various renewable energy systems over a wide range of applications considering the techno-economic features of system components [26, 27, 28] .
Description of the Selected Site
The selected area is part of the Qandil Range (a part of the Zagros Range) and is located in Choman District, Erbil, Iraq. The height of Haji Ibrahim, reaches 3587 m which is the highest peak in the area. It is enclosed by many other mountains, including Mt. Gardamn to the north, Mt. Sakran to the south, and Mt. Halgurd to the west. The snow covers the peak of mountains throughout the year. The area has many small rivers and streams. Moreover, these mountains contain thorn-cushion vegetation habitats, mountain riverine forest and oak woodlands. Figure 3 shows a picture for the selected site [29] .
Despite the availability of the conventional energy resources, a huge electricity shortage started in 1991 because of the disruption caused by the war [30] . The electricity in Choman is available for a few hours per day. Most people depend on their own generators during the shortage of electricity. The Load estimation is calculated based on consumption of electrical appliances used in the mobile network site. The load demand of a BTS depends on the number of parameters such as the area to be covered, the topography of this area, and the utilized technologies. The daily load demand of the site for a typical day is presented in Figure 4 . Hour-by-hour electrical load of the village is artificially generated by HOMER software. In order to account for the variation in daily load power consumption, random variable from hour to hour and from day to day has been proposed, with each approximated to be around 10%. Figure 5 shows the monthly load profile of the site. In order to accurately calculate the output power of PV, the effect of ambient temperature on the performance of PV is taken into account. Figure 7 presents the average monthly air temperature of Choman [31] . It is clear that the highest and lowest average temperatures are obtained to be around 23.8 and -0.4 °C in July and January respectively. The annual average ambient temperature is found to be 11 °C. In this study, the orientation of the PV array is described using two factors, a tilt angle and an azimuth. The angle between the horizontal and the surface of the PV-array is called a tilt angle. A zero tilt angle represents a horizontal orientation, while a ninety degree refers to a vertical orientation. The azimuth is the direction that the surface faces. In HOMER software, azimuth of 0, -90, 90, 180 degrees corresponds to south, east, west, and north respectively. Figure 8 shows the orientation of the PV-array panel [32] . The value of azimuth angle is presented in Table 1 [33] . The time of day, time of year, and latitude is other parameters related to the geometry of the situation. The solar declination is highly affected by the time of year, which is the latitude at which the sun is directly overhead at solar noon. In HOMER, Solar declination is calculated using the following expression [2, 33, 34] :
where n is a the day of the year (from 1 to 365).
The sun is influenced by the time of the day. This can be represented by an hour angle, which is negative in the morning, zero at solar noon, and positive in the afternoon. The hour angle is estimated using the following equation [34, 35] :
where ts represents the solar sunset time [hr] The value of ts at the solar noon is 12 hr., 90 minutes later, it becomes 13.5 hr. This can be explained by the fact that for each hour, the sun moves through an arc about 15 degrees.
One of the assumptions in HOMER is that all time-dependent data, like electrical load and solar irradiation are specified in civil time, which is also known as a local standard time. The civil time can be calculated using the following equation [34, 35] :
where tc is the civil time in hours accounted to the center middle of the time step [ Both the earth's orbit eccentricity and the slope of the earth's rotational axis related to the ecliptic plane are taken into consideration in the equation of time which is determined as follows [34, 35] :
where B is given by [28, 29] :
It is possible to estimate the angle of incidence for a surface with any orientation using the following expression [33, 34] :
where θ refers to the incidence angle, ∅ represents the hour angle, β is the surface tilt angle, γ is the surface azimuth angle, δ is the latitude, and ω is the solar declination.
The distance between the subsolar point and the latitude is called the zenith angle. It is equal to 0° when the sun lies directly overhead and increases until reaching 90° at the horizon. The zenith angle is calculated by setting the surface tilt angle (β) equal to zero, which yields [33, 34] :
Where θz refers to the zenith angle [°] To calculate the amount of solar radiation at the top of the earth's atmosphere, striking a surface normal (perpendicular) to the sun's rays which is known as the extra-terrestrial normal radiation, HOMER uses the following equation [2, 34, 29 The following expression is used to calculate the extra-terrestrial horizontal radiation [34, 36] :
where Go refers to the extra-terrestrial horizontal solar irradiance [kW/m 2 ]
To obtain the average extra-terrestrial horizontal solar irradiance over the time step, equation (8) needs to be integrated over one-time step as follows [33, 35] :
Where Ḡo represents average extra-terrestrial horizontal solar irradiance over the time step The clearness index is the ratio of the total horizontal irradiance to the extra-terrestrial horizontal solar irradiance. It can be defined using the following equation [34, 36] :
where Kt represents the clearness index and Ḡ refers to the average global horizontal irradiation on the surface of the earth over the time step [kW/m 2 ] which is the summation of beam (direct) and diffuse radiation as expressed by the following equation [33, 35] :
Where Ḡb represents the direct radiation [kW/m 2 ], Ḡo refers to the diffuse radiation [kW/m 2 ].
The total horizontal irradiance is resolved into its direct and diffuse components in to obtain the solar irradiance falling on the surface of PV panels. The diffuse solar fraction as a function of the clearness index is given in the following expression [34, 37] : 
The average total horizontal irradiance is used to obtain the clearness index for each time step and the diffuse radiation. Then, the diffuse radiation is subtracted from the global horizontal radiation to calculate the direct radiation.
The ratio between the direct irradiance on an inclined surface to direct radiation on the horizontal surface is called the conversion factor for direct radiation (Rb), It can be calculated as follows [34, 37] :
The anisotropy index (Ai) is a measure of transparency of the atmosphere for direct radiation. It can also be used for the estimation of the amount of circum solar diffuse radiation, and defined as [34, 37] :
Another parameter needs to define is the one used for consideration of the fact that diffuse irradiance coming from the rest of the sky is less than of that comes from the horizon. This parameter is relative to the cloudiness and can be determined using the following expression [34, 37] :
where f refers to the horizon brightening factor
The total radiation incident on the solar panels can be expressed by using the Hay-DaviesKlucher-Riendl (HDKR) model as follows [34, 37] :
where ρg represents the ground reflectance [%].
The ground reflectance of various surfaces is presented in table 2 [38] . According to the weather conditions of Choman, the ground cover tends to be grass in summer and snow in winter. Also, sometimes, both are available in the same area and same time. Therefore, in this study, different value of ground reflectance is considered to investigate the impact of this variation on PV efficiency and cost. The PV cell temperature Tc is the temperature of the solar panel surface. By night, the PV cell temperature and ambient temperature are equal, but during the sunlight hours, the cell temperature exceeds the ambient temperature with 30 °C or up. The following expression is used to obtain the PV cell temperature [39] :
where Ta If the maximum power point tracker (MPPT) is used with solar system, PV works at the maximum power point which maximizes its efficiency. PV cell temperature with MPPT can be determined using [39] :
where ƞmp refers to the PV array efficiency at MPPT which is defined using the following expression [37] :
where ƞmp,STC represents the solar array efficiency at its MPPT under STC [%], αp represents the temperature coefficient of power [%/°C], Tc,STC refers to the cell temperature under STC.
The temperature coefficient of power is used to explain how the cell temperature can affect the output power of the PV. Solar panels have negative temperature coefficients of power which indicates that when the PV cell temperature increases, the output of the PV system decreases. The value of the nominal operating cell temperature (NOCT) and temperature coefficient of power and depend on PV module type. Silicon is the main material utilized for the production of solar cells. Mono-crystalline, polycrystalline and thin film or amorphous are the major types of solar panels that are commercially available in the market. Mono-crystalline solar cells form of a homogeneous silicon crystal. Polycrystalline solar cells are composed of a number of smaller crystals. While, thin film solar cells are formed by embedding few layers of silicon on other material surfaces, such as a glass [40] . Table  3 shows characteristic values of PV module under standard technologies [37] . By substituting efficiency at MPPT to the equation (19) , the cell temperature in each time step can be calculated using new equation, as follows [35, 37] :
Calculates the Output Power of PV Array
The following equation is used to compute the output power of the PV array [41] [42] :
where YPV is the output power at STC, fPV refers to the de-rating factor of PV, GT represents the solar radiation fallen on the surface of PV array in the current time step (kW/m 2 ), GT,STC represents the fallen radiation at STC (1 kW/m 2 ).
Configuration and Components of the Proposed System
Operating Principle
For the proposed system configuration, the maximum power point tracking (MPPT) is used as a controller unit to maximize the produced PV output power, regardless of climatic condition variations. The solar panels work to supply the load demand. After satisfying the load demand, surplus power will be used to supply the battery storage until fully charged. When the output power from the solar panels is not enough to satisfy the load demand, the battery storage works together with the solar panels to supply the load demand until the battery storage is depleted. At night hours, the battery bank works alone to feed the load demand, since the output of PV is zero. Figure 9 shows the proposed PV/battery energy system. 
.1. Photovoltaics (PV) Module
The solar panels provide DC power directly proportional to incident solar irradiance, regardless the exposure of voltage and temperature [26, 43] . The technical and cost details of the PV module are presented in Table 4 [44] [45] [46] . The selected battery energy storage is Surrette 6CS25P. The batteries are arranged such that each string consists of two batteries connected in series, and strings are connected in parallel to form a battery storage bank. The technical and cost details of the battery are furnished in Table 5 [47]. 
Economic Parameters
First, the technical feasibility of various systems and whether they can meet the load demand or not is examined in HOMER. Then, the life-cycle cost of the system which is represented by the total net present cost (NPC) of the feasible systems is obtained. The following equation is used to calculate the NPC [48] [49] [50] :
where Ctot refers to the annual total cost ($/year) of the system, i represent the yearly real interest rate (%), Tp refers to the project lifetime which is 20 years in this study. The following expression is used to obtain the capital recovery factor (CRF) [48] [49] [50] : (24) where n represents the number of years. To calculate the NPC of the systems, the salvage costs (SC) which are the residual values of the system components by the end of the project lifetime, must be considered. It is calculated using the following expression [48, 50, 51] : The levelized cost of energy (COE) is calculated using the following expression [49, 51, 52] :
tot tot E C COE  (26) where Etot refers to the total electricity consumption per year [kWh/year].
Results and Discussion
In HOMER software, a simulation is performed for all the feasible systems that feed the load demand for the proposed area under specified conditions of renewable energy sources. HOMER implements the calculations of energy balance for each system configuration based on NPC and COE in an increasing order. Then, the list of configurations are displayed and sorted by NPC [53] .
Effects of PV Tilt Angle and Orientation
The results show that the output of PV is significantly affected by changing the slope and azimuth of the solar panels. Among various feasible systems, it is found that best tilt angles are obtained at 40° and 45° for azimuth of 0° (facing south) which offer the lowest PV array capacity (20.6 kW) with NPC of 70595 $ and COE of 0.54 $/kWh. On the other hand the result indicates that the worst case scenario is achieved when the PV is installed at slope and azimuth of 35° and 180° respectively, the required PV size is 84.9 kW, which makes the system has a total NPC of 164648 $ and COE of 1.25 which are approximately 131 % more expensive than the cheapest system. Figures  10 and 11 present the impacts of PV orientation on the PV performance and its economic analysis. These results are accomplished by the fact which indicates that in the northern hemisphere, the sun is always in the south. Therefore, facing the solar panels to south will maximize the amount of sunlight reaching them. Generally, system designers install the solar panels with an azimuth angle of zero, or facing the equator since solar radiation on a south facing surface will be symmetric about solar noon [54] . If the earth's atmosphere is completely clear to solar radiation, solar array will capture more energy by facing the array due south (in the northern hemisphere) at a slope close to the value of the latitude [35] . Moreover, the current analyses of the system indicate that the azimuth angle of solar panels becomes more critical as the tilt angle of the PV array increases. The azimuth angle did not have significant effects if the tilt angles were in low values. At a 0° tilt angle, the variation of azimuth angle did not show any noticeable effects on the PV size. As the tilt angles of the PV arrays increase, the orientation of the PV arrays became more influential in affecting the PV required size and the costs. However, the effect of azimuth found to be slightly less significant at 90° slope than slopes between 40° to 80° since at 90° slope, the panel sees half the sky, and for areas with low latitude, there will be similar in the amount of illumination in the western and southern halves of the sky. The total amount of PV production is approximately the same, although the timing is different. In general, it is clear from the results that the efficiency of the solar cell is highly affected by the variation of the slope and azimuth. It is important to mention that there is no constant relation between PV production, and optimum PV array capacity. In other words, the system with highest PV production does not necessarily result in the lowest PV size. The differences are marginal in the vicinity of the optimum point. Figure 10 . Impact of orientation on the PV performance Figure 11 . Impact of orientation on the NPC and COE The recommendations for the slope angle represent an average, by considering the sun's angle throughout the year. According to the weather of Choman, it is recommended that the solar panels must be tilted at an angle on a monthly or seasonal basis in order to maximize the solar access and the output power. Figure 12 shows the average monthly incident solar with different tilt angles. It can be observed that the average monthly incident solar has a clear dependence on the tilt angle. It is found that none of the months have the same incident solar at the same tilt angles. For example, at a tilt angle of 30 o , the average incident solar in January, June, and December are found to be 0.161107, 0.289838, and 0.149135 kW/m 2 respectively. The optimum monthly and seasonal average tilt angles for Choman area is presented in figure 13 . It is clear that the optimal tilt angle is very sensitive to the variation of the position of the sun in the various months and seasons. By varying the tilt angle from 0 o to 90 o with increment of 1 o , the optimum PV slope angle is found to be varied between 15 o (June) and 60 o (December) throughout a year. However, adjusting the tilt angle monthly does not seem to be practical, therefore, changing the tilt angle once seasonally is a potential choice. It is found that the average optimum tilt angle for the summer months is 19 o (Ø-17 o ) , for the winter months 56 o (Ø+20 o ), for spring months 29 o (Ø-7 o ) and for the autumn months 46 o (Ø+10 o ). These results are in accordance with the fact that in the Northern Hemisphere, the sun appears at its highest elevation in the sky during the summer solstice (June 21) while the noontime Sun is lowest during the winter solstice (December 21) as shown in figure 14 [55] . Tilt Angle (degree)
Month
Monthly Average Seasonal Average Figure 14 . Sun's path during summer and winter
Effects of the Ground Reflectance (albedo)
As mentioned in the previous sections, the ground reflectance (also known as albedo) is a term for an object capability of reflecting the light from sources like the sun. The Albedo effect is measured on a scale from 0 to 1, where 0 and 1 refer to the dark and light respectively. In this part of the simulation, a sensitivity analysis has been done to investigate the impact of ground reflectance on the performance of PV and its total cost. From figures 15, 16, it is clear that for higher the albedo values, the reflected irradiance on the PV module is higher and hence the output power generated is higher which leads to reduce both the required PV size and the net present cost of the system. It can be seen that the variation in the ground reflectance 10% to 90% increase the average annual incident solar radiation on PV array from 0.223579 to 0.242538 kW/m 2 while reduces the PV array capacity from 20.8 to 19.4 kW, net present cost from 70888 to 68840 $, and cost of energy from 0.53959 to 0.52398 $/kWh. These results indicate that snow cover surface which has ground reflectance of about 90% achieves the best result as compared to all other ground cover types, especially the dark colored surfaces. This can be explained by the fact that lighter ground means more reflectance of solar radiation on the solar panels. Ground with snow covers is usually even brighter than the sky. Whilst, darker surface absorbs most of the light, meaning less is reflected [56] . However, although the albedo of the surfaces is recommended to be higher, other issues such as damages by strong winds and snow must be taken into account when obtaining the optimum size of solar panels. Moreover, increasing the ground reflectance is found to increase the cell temperature as shown in figure 17 . Figure 15 . Impact of the ground reflectance on PV required capacity and incident solar radiation Figure 16 . Impact of the ground reflectance on NPC and COE Figure 17 . Impact of the ground reflectance on PV cell temperature
Effects of the Ambient Temperature and Temperature Coefficient of Power
For most of the commonly used solar panels, a ratio of the sun's energy converted into electric power is usually ranges between 13% to 20%, the remainder is converted into thermal energy that heats the cells. Moreover, further heating occurs due the solar panel's actions and the radiation of energy at the infrared wavelength of the solar spectrum [57] . This heat result in an increase in the overall PV cell temperature. Temperature affects the flow of the electric current in the electrical circuits since it changes the traveling speed of the electrons because of the increase in resistance of the circuit as a result of the temperature increasing [58] . The impact of cell temperature on the performance of PV and its cost is analyzed in this part. The relation between cell temperature and ambient temperature is shown in figure 18 . It is clear from the results that the cell temperature can exceed the ambient temperature with 25 °C or up. Increasing the ambient temperature from -3.3 °C in January to 23.8 °C in July causes the cell temperature to be increased from 25.8 to 50.2 °C. The high cell temperature leads to reduction in PV output power and hence reduction in system efficiency as shown in figure 19 . It is obvious that the PV output power decreases from 20.6 to 15.4 kW when the PV cell temperature increases from 25. temperature increases from 0 to 40 °C. Currently, there is interest to increase the efficiency of PV by reducing the cell temperature using different cooling methods [59] [60] [61] [62] [63] . Figure 18 . Relation between ambient and PV cell temperature Products' susceptibility to temperature is usually rated by manufacturers in the term of the temperature coefficient, which is usually given in a percent per degree Celsius [64, 65] . Table 6 presents the temperature coefficient of power for some common PV modules [66] . Solar panels are tested at a temperature of 25 °C. With a temperature coefficient of power of -0.35% / °C, there will be losses of 0.35% in PV output power for every 1°C increase. On the other hand, when temperatures are lower than 25˚C, the temperature coefficient will actually be positive, and the output power of PV arrays will increase [67, 68] . Therefore, cold and sunny days achieve the maximum power of the panels. In this section a simulation has been done in order to investigate the impact of cell temperature coefficient variation on the required PV size. From figure 22 , it is obvious that variation of temperature coefficient from -0.6 to -0.1 %/°C causes the required PV array capacity to be increased for an average ambient temperature between 0 °C and 25 °C. While, for an average ambient temperature of 30 °C to 40 °C, these variations result in a decrease of the needed PV size. For Choman area which has an average annual ambient of 11 °C, the utilization of solar panels that have high sensitivity to temperature, such as poly-crystalline silicon and thin film CIS are found to be preferable 
Net Present Cost
Cost of Energy since the PV works for a long time with a cell temperature below 25 °C. Therefore, the gain of efficiency during cold months helps to compensate losses that occur during the hot weather months. Figure 22 . The effect of temperature coefficient of power on PV array capacity 4. Conclusion PV cell temperature and the solar radiation incident on the surface of the panels are highly affected by the ambient temperature, slope and azimuth angles, and ground reflectance. Therefore, the variation of these parameters must be strongly considered in the optimization of the performance of the solar system. The present work deals with not only the technical performance of the solar system, but also with its economic analysis in terms of net present cost (NPC) and cost of energy (COE). According to the simulation results of HOMER, it has been demonstrated that varying the tilt angle of PV on a seasonal basis with an azimuth of 0° (facing south) can highly maximize the solar panel efficiency. Furthermore, it is found that the ground reflectance (albedo) variation has considerable effects on the output power of the system. A fresh snow cover surface which has the highest albedo compares to other covers, achieves the best results. Moreover, according to the climate condition of Choman, the ambient temperature is observed to be another important factor which highly influences the technical analysis of the system. However, selecting of PV modules with high sensitivity to temperature is found to be a preferable option. Consequently, the economic feasibility of the system is highly influenced by the variations of all these factors. The best tilt angles are obtained at 40° and 45° for an azimuth of 0° in which the system has NPC of 70595 $ and COE of 0.54 $/kWh, which are 131 % cheaper than the worst case( tilt angle and azimuth of 35° and 180° respectively). Nevertheless, there is about 3% decrease in the NPC and COE for ground reflectance varied from 10 to 90 %. On the other hand, increasing the ambient temperature from 0 to 40 °C causes a 19.7% increase in the PV array capacity and an 8.2% increase in the NPC and COE. As a conclusion, the present work could produce a realistic estimation regarding the implementation of solar energy systems and served as a basis for the standardization entities, component manufacturers, energy prosumers and policy makers in Iraq.
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